The screening of a new product concept is perhaps the most critical activity in new product development (NPD), yet such screening is often not performed well. .
I. INTRODUCTION
Currently many companies are facing increasing competition created by technological innovations, changing market environments and changing customer demands. Companies have realized that accelerated new product development (NPD) is crucial for their survival and winning of competitive battles. Successful NPD can provide increased sales, profits, and competitive advantage for most companies; yet it is a complex process and involves business risk. Although NPD requires substantial monetary and nonmonetary commitments, the costs of a possible failure are higher [1] .
Previous research has concentrated on developing models addressing the different stages of the NPD process to help managers improve their decision making [2] . Even with an improvement NPD process, competition and emerging new technologies can still limit the NPD success rate to no more than 59%, and it still requires 6.6 ideas to generate a successful product [3] , the same level as 10 years ago.
The screening of a new product is perhaps the most critical step in the NPD process. In a study of Canadian manufacturing firms, Cooper and Kleinschmidt [4] found that initial screening has the highest correlation with new product performance when compared with a dozen other NPD activities. From a managerial viewpoint, terminating an inferior product prior to commercialization results in large cost savings, because costs generally increase dramatically as NPD projects move toward commercialization. These sunk costs frequently influence decision-makers' future Go/NoGo decisions on new products [5] . Several studies have found that it is difficult for managers to terminate NPD projects once they have begun [6] , [7] . In addition, in many situations, a failing NPD project may be more costly than a successful project [8] .
In order to prevent an organization from misallocating its resources in developing a failing project, researchers [1] , [3] , [5] maintain that any inferior new product projects 3 should be eliminated at the front end before they lead to a significant investment.
New-product screening decisions are associated with complexity, uncertainty and imprecision t for the following reasons [9] , [10] :
 At the time of the decision, usually only uncertain and incomplete information is available.
 The competitive environment is marked by uncertainty and rapid changes in technologies and markets.
 The criteria for a product's Go/NoGo decision are not always quantifiable or comparable; criteria may directly conflict or interact with one another other.
 Multiple functional groups, each with a different perspective, may be involved in the evaluation decision.
To assist managers in making better screening decisions, numerous decision tools have been developed with the hope that managers could make better decisions in an uncertain environment . However, traditional project selection techniques tend to utilize quantitative tools, such as mathematical programming, economic models, etc.
which have both practical and theoretical limitations [11] , [12] . Amajor obstacle is the amount of data required: information on the size of the target market; projected financial returns; resource needs; timing of decisions and probabilities for the completion and success of the product. Much of this information simply is not available, and when it is, its reliability can be suspect. Further, all these models tend to ignore human behavior in the organizational setting; managers may be unable to handle multiple and interrelated criteria. Uncertainty, complexity and scarce or unreliable information become a threat to the use of traditional quantitative techniques.
Since humans have the capability of understanding and analyzing obscure or imprecise events and factors which are not easily incorporated into existing analytical methods [13] , experts' judgments are vital elements in decisions involving uncertainty 4 and ambiguity [11] , [14] . To overcome the limitations of quantitative methods, several qualitative or heuristic approaches, e.g., analogies, expert opinions, intentions, scenario analyses and information acceleration, focus groups, and decision analysis (see review in [2] ) have been proposed. According to Rangaswamy and Lilien [15] , management science techniques for screening new product ideas can be broadly grouped into three categories: (1) multicriteria decision making techniques, (2) the Analytic Hierarchy Process (AHP), and (3) screening regression models. Although, these models can overcome some the limitations of quantitative methods, they may not adequately address the ambiguity and multiplicity of possible considerations in the product screening decision, resulting in an evaluation that is economically sound but dysfunctional for the organization. The pros and cons of these methods are listed in Table I .
According to a study conducted by Karwowski and Mital [22] , when a situation is characterized by either lack of evidence or the inability of experts to make a significant measurement of the possibility of an event, the experts simply adjudge that the score of a given event is "low," "high," or "fairly high." In other words, it is difficult to assign a crisp value to a subjective judgement since the data/information is imprecise and ambiguous. Linguistic terms may alsocontain ambiguity and multiplicity of meanings.
However, the lack of a better approach for interpreting the semantics of these subjective judgements makes it unrealistic in estimating the success-possibility of an NPD????.
Fuzzy logic is a useful tool fo capturing the ambiguity and multiplicity of meanings of the linguistic expression. That is why we propose to use fuzzy logic in the new product Go/NoGo decision.
II. FUZZY LOGIC AND APPLICATIONS IN DECISION MAKING
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A fuzzy set can be defined mathematically by assigning a value to each possible member in a universe representing its grade of membership. Membership in the fuzzy set to a greater or lesser degree is indicated by a larger or smaller membership grade.
Fuzzy set methods allow uncertain and imprecise systems of the real world to be captured through the use of linguistic terms so that computers can emulate human thought processes. Thus fuzzy logic is a very powerful tool that can deal with decisions involving complex, ambiguous and vague phenomena that can only be assessed by linguistic values rather than numerical terms. Fuzzy logic enables one to effectively and efficiently quantify imprecise information, perform reasoning processes and make decisions based on vague and incomplete data [11] . Roussel et al. [31] contend that the experts can manage the risk when it is know, but in uncertain situations when available information is scarce or unreliable or when target objectives and goals are not clearly defined, managers often react very poorly. Fuzzy logic, by making no global assumptions about the independence, exhaustiveness, or exclusiveness of underlying evidence, tolerates a blurred boundary in definitions [11] . Thus, fuzzy logic brings hope of incorporating qualitative factors into decision-making, Fuzzy logic is currently being used extensively in many industrial applications such as water treatment, traveling time reduction, subway systems, washing machines, vacuum cleaners, rice cookers, and flight control of aircraft, to name just a few [23] .
Fuzzy logic has also been applied to managerial decision making as well. For example, it has been used in muliti-attribute decision-making situations to select information system projects [11] , [24] , and iron-making technology [25] . Ben Ghalia et al. [26] used fuzzy logic inference for estimating hotel room demand by eliciting knowledge from the hotel's' managers and building fuzzy IF-THEN rules. Since the fuzzy weighted average approach produces a more informative result, Kao and Liu [27] used this 6 technique to devise a competitiveness index for manufacturing firms based on their use of automation technology and manufacturing management practices. Lin [28] devised a fuzzy-possible-success-rating for evaluating whether to bid or not bid on a project based on the resources, reputation, and mission of the company; the probability of project go-ahead, and the risk and competition involved the project. Chen and Chiou [29] devised a fuzzy credit rating for commercial loans. Hui et al. [30] captured the knowledge of experienced supervisors to create a fuzzy rule-based system for balance control of assembly lines in apparel manufacturing.
As mentioned previously, the new product screening evaluation processis associated with uncertainty and complexity. Managers must make a decision by considering product attributes which may have non-numerical values. They must integrate all attributes within the evaluation decision, none of which may exactly satisfy the firms' A stepwise description of the implementation of the evaluation framework is given below:
1. Form a committee of decision-makers and collect project-related data.
2. Select criteria for decision making.
3. Define linguistic variables as well as associated membership functions for assessing the merit ratings and the importance weights of the selected criteria.
4. Assess the criteria rating and weight using linguistic terms.
5. Translate the linguistic ratings and weights into fuzzy numbers. it can be used in new product screening. It is generally recognized that every firm has its own set of criteria and evaluation levels in new product screening [20] . Our attempt
here is to present a generalized model based on past studies that can then be modified or extended for use in a specific situation or company.
A. Subject of Case Study
The model was developed and validated with input from the TV Company, an
internationally renowned machine-tool company, particularly known for CNC lathes.
Its products include conventional lathes, high-precision tools, and machining centers.
To meet an increasingly competitive environment in the machining market, TV has decided to expand its product line to include large-size horizontal machining centers, automated flexible manufacturing cells (FMC), and integrated flexible manufacturing systems (FMS) to supply a global market.
To compete in the 21 st century, TV realized that the capability to rapidly develop new products or improve existing products that users want and will continue to purchase was crucial for its survival. In tracking product performance and customer needs over time using perceptual mapping and conjoint analysis, the CEO was convinced that advanced tool-changing and automatic-gauging machining center systems were desired by machining-tool users. To capture this potential market, the new product TVcenter-HX, a next generation platform FMS representing a new system solution for machining-tool users, was proposed. The proposed TVcenter-HX had three essential characteristics: (1) core performance capabilities that match primary customer needs, (2) ability to support an entire product/process generation, and (3) linkages to previous and subsequent generations. TV desired a system architecture to facilitate the addition of other features or the removal of existing features in order to tailor derivative products for special niche markets.
B. New-Product Development Screening-Concept Model
TV's CEO mandated that all new product proposals would be thoroughly analyzed and evaluated before undergoing full-scale development. In order to determine the appropriate product and characteristics to be developed, and pursuant with previous studies TV revised its model for new product screening, which had last been revised in 1993 when the company set up an ISO-9001 compliant system. The model based on previous studies [33] , [34] , determined the appropriate product characteristics to be developed. The model, illustrated in Figure 2 , shows the linkage between new product screening goals and successful new product development..
C. Application the FLSM to the TVcenter-HX Project
On the basis of the procedures of FLSM a decision to launch the TVcenter-HX was reached. The deliberations over whether to start full-scale development are summarized 10 below:
1) Form a committee of decision-makers and collect project-related data: For evaluating the TVcenter-HX, a screening committee composed of four experts/senior-managers from marketing, technology, operations, and finance was organized and led by the CEO. Each of these members brought particular needs and desires into the decision which had to be reconciled into a consensus since all parties would contribute to the success or failure of the decision. The next step was to collect as wide range of information as possible concerning the TVcenter-HX project.
As mentioned previously, the company had used perceptual mapping to understand the current market conditions and used conjoint analysis to identify new product opportunities, as well as to specify the product features, price, and customer communication. As the initial concept for the TVcenter-HX emerged, the company briefly exposed it to key users for their feedback. This concept testing enabled TV to incorporate the suggestions of potential users.
Before proceeding with the assessment, the evaluators studied data and information related to the TVcenter-HX project. The project manager was asked to hold a briefing session to introduce both market and technical data, as well as to present a cursory financial forecast. The key data in the debriefing included:
 Preliminary market data: a description of the marketplace including market existence, probable market size, and market acceptance. The information was gathered by archival research; key word searches through various trade magazines, commercial databases, and reports; in-house information and personnell; and contacts with a few key users.  Preliminary business data: a rough financial estimation based on very rough estimates of sales, costs, and investment required and a rough forecast of risk.
Despite the availabity of both technical and market data, the "first cut" homework was still marked by ambiguity and uncertainty. The reported data might have been obtained in a specific environment, such as a developed country, and, therefore may not be valid for other environments, particularly in developing countries like China, Korea, and the Association of Southeast Asian Nations. Much of this information is simply not available in developing countries , and when it was, its reliability was suspect. Further, in an uncertain and dynamic environment , strategic planning becomes even more important since the decision could seriously impact the financial performance of the firm. Since the attributes of the new product project may not exactly satisfy the firms' ideal, the decision-makers had to deal with the critical issue of integrating and balancing different criteria. The CEO expressed a desire to pursue a method that takes into account the uncertainty of each factor yet maintained the nature of multiplicity to provide an overall picture of the possible success of the TVcenter-HX development. Since experts can easily differentiate between high, medium, and low, but find it difficult to judge whether a value, e.g. 0.2, is low, or another value, e.g. 0.3, is also low, they have found it easier to use linguistic terms to measure ambiguous events. Since linguistic variables contain ambiguity and multiplicity of meanings and the information obtained can be expressed as a range in fuzzy set, instead of a single value in traditional methods, we suggested applying fuzzy logic to this decision making context. 2) Select criteria for decision making: The next step in the screening process is to decide on the criteria to evaluate the proposed product. A new product Go/NoGo decision depends not only on the characteristics of the product but also on the technological competencies and the competitive environment of the company. Since the situation varies from product to product, there is a high probability that no single set of factors reflects all situations and requirements even in the same firm. Furthermore, evaluators with different functional perspectives bring particular needs and desires into the decision. In order to accurately elicit assessment criteria reflecting the entire set of attributes of the NPD, the committee proceeded through a series of discussions, focusing primarily on the nature of the marketplace, competitive circumstances, technological opportunities, customer requirements, complexity of products/processes, and the company's strategy, capabilities and resources.
After the discussion and referring to assessment factors proposed in previous studies [5] , [21] , [35] - [38] , the team developed a selection architecture and categorized criteria into four groups: (1) product-marketing competitive advantages: fit with the company's core marketing competencies and potential competitive advantage, (2) product superiority: special features or traits that offer a superior value to users relative to competitors, (3) technological appropriateness: fit with company's core technological competencies so as to bringing about a developing suitability,??? and (4) product risk: overall level of management uncertainty regarding the project's outcomes.
Using the architecture, they further developed/selected sub-criteria for measurement. Delphi iterative procedures were used to facilitate a consensus on the selection of different sub-criteria and their relative importance to the firm., Each primary crierion was expanded into a detailed set of secondary criteri. For example, competitive marketing advantage was expanded to desired entry timing, offered price 13 level, fit with sales force, distribution channels and logistical strength, and marketing attractiveness, as shown in Table 2 . (Table 2 merely presents what we assess to be the most prevalent and meaningful factors for this case study).
3) Define linguistic variables and associated membership functions: The ad hoc usage of linguistic terms and corresponding membership functions is characteristic of fuzzy logic. It is notable that many popular linguistic terms and corresponding membership functions have been proposed for linguistic assessment [22] , [39] . For the sake of convenience, instead of eliciting linguistic terms and corresponding membership functions from the experts, they couldcould be obtained directly from past data or basic models can be modified to incorporate individual situations and the requirements of different users. Furthermore, due to limited short-term memory capacity, it is suggested that the number of linguistic levels not exceed nine.
As the assessment proceeded, the committee members further investigated the new product attributes, the organization's capabilities, its marketing ability, its competition, and the NPD project-related information and data.At first, the managers were unable to reach a consensus on linguistic variables and membership functions. In order to limit debate and argument, the linguistic terms and corresponding membership functions used in previous studies were adopted as and modified to incorporate the specific requirements of TV. To validate that these linguistic variables and the membership functions were appropriate and to ease communications within committee, we asked each of the four evaluators to describe the membership functions when we gave them a linguistic variable. This continued until their answers reached consensus.
For evaluating the rating effect of the different criteria of the product-marketing competitive advantages and product superiority, the committee selected the rating scale Figure   4 , was used for estimating the rating possibility of the different criteria for new-product ris. The weighting scale W = {Very Low, Low, Fairly Low, Fairly High, High, Very
High} and its associated membership function as shown in Figure 5 , for evaluating the relative importance of the various criteria.
4) Assess the criteria rating and weight using linguistic terms: Once the linguistic variables and associated membership functions for evaluating the merit ratings and the importance weights of the selected criteria were defined, the experts used the linguistic terms to directly assess the rating which characterizes the degree of the effect/impact of various factors on the success of the new product. Table 3 shows the results of the assessment under the thirteen criteria given by evaluators E 1 , E 2 , E 3 and E 4 , respectively. Concurrently, the experts evaluated the relative importance of each criterion by comparison, on the basis of their experience and knowledge. The results are shown in Table 4 .
5) Translate the linguistic ratings and weights into fuzzy numbers: On the basis of Figure 3 and Figure 4 , the linguistic terms of the effect ratings of the thirteen criteria assessed by each evaluator shown in Table 3 were approximated by fuzzy numbers parameterized by quadruples, as shown in Table 5 . Similarly, on the basis of Figure 5 , the linguistic terms of the importance weighting shown in Table 4 were approximated by fuzzy numbers and parameterized by quadruples, as shown in Table 6 .
6) Aggregate fuzzy numbers to obtain fuzzy merit-importance indexes of selected criteria and a fuzzy-possible-success-rating: It is important to aggregate the different experts' opinions in group decision-making. Many methods can be used to aggregate the experts' assessments, such as mean, median, maximum, minimum, and mixed operators. Since the median operation is more robust in a small sample, this method 15 was chosen to pool the experts' assessments. The median fuzzy numbers of the effect ratings shown in Table 5 and the importance weights shown in Table 6 were derived Fuzzy-possible-success-rating (FPSR) is an information measue which consolidates fuzzy ratings and fuzzy weightings of all the factors that will influence or impact the success of the NPD project. It represents the overall merit or attractiveness of an NPD project. The higher the FPSR of an NPD project is, the stronger the degree of success for this NPD project. Thus, the membership function of FPSR will be used to determine an NPD project's Go/NoGo decision.
Let R j and W j , j = 1, 2, …, n, denote the median effect rating and median importance weighting assigned to factor j, respectively, by the evaluating committee. By integrating the favorable and unfavorable factors according to the fuzzy weighted-average definition [41] , the fuzzy-possible-success-rating is defined as:
where p + h = n, and R' j = (1, 1, 1 and v i = tw i , the lower and upper bounds of FPSR can be transformed to the conventional linear program and solved using the following formulation: Furthermore, the fuzzy merit-importance index (FMII), which combines the merit and importance of each criterion, represents an effect which will contribute to the success of an NPD project. The lower the FMII of a factor is, the lower the degree of contribution for this factor. Thus, the FMII score of a factor is used for identifying the principal adverse factors.
If one uses Figure 5 directly, the fuzzy numbers for approximating the linguistic values in weighting set W, the importance weightings will neutralize the effect ratings.
Therefore, one cannot identify the actual adverse factors (low rating and high weighting). Hence, for favorable factors the FMII is defined as:
where W' i = (1,1,1)  W i . , I = 1, 2,..., P For unfavorable factors the FMII is defined as:
where W' j = (1,1,1)  W j , j = 1 + p, 2 + P,…, h +p By using the formulas in Eq (3) and (4), the fuzzy merit-importance index of each criterion was obtained as listed in Table 7 .
7) Translate the fuzzy-possible-success-rating into an appropriate linguistic term:
Once the proposed product's fuzzy-possible-success-rating has been obtained, one can further approximate a linguistic label whose meaning is the same as (or closest to) the meaning of the FPSR from the natural-language expression set of possible success (PS)
for guiding a manager to make a Go/NoGo decision,. Several methods for translating the membership function back to linguistics have been proposed [46] , [47] . There are basically three techniques: (1) Euclidean distance, (2) successive approximation, and (3) piecewise decomposition. It is recommended that the Euclidean distance method be utilized because it is the simplest to implement and the most intuitive form of human perception of closeness of proximity [48] .
The Euclidean method consists of calculating the Euclidean distance from the given fuzzy number to each of the fuzzy numbers representing the natural-language expressions set. Assume natural-language expression set PS; then the distance between the fuzzy number FPSR (known) and each fuzzy number member PS i (unknown)  PS can be calculated as below: numbers [39] , [49] . Here, the ranking of the fuzzy number is based on Chen and
Hwang's left-and-right fuzzy-ranking method, since it not only preserves the ranking order but also considers the absolute location of each fuzzy number [39] .
In this ranking method, the fuzzy maximizing and minimizing sets are, respectively, defined as:
When given a triangular fuzzy number M defined as: f M : R [0, 1] with a triangular membership function, the right-and-left fuzzy merit-importance index of M can be obtained, respectively, as:
Finally, the fuzzy merit-importance index of M can be obtained by combining the left and right. This index is defined as:
By using the ranking method presented in Eq. (6)- (10), the scoring values for the fuzzy merit-importance indices of the thirteen key success factors were obtained. The ranking values are shown in Table 7 .
Although the possibility of machining-center development was High (according to the evaluation), there were obstacles within the organization which could have impacted the success of the project. Using the Pareto principle, the committee decided 20 to focus resources on a few critical factors and set a scale 0.10 as the management threshold for identifying the critical factors for improvement. Subsequently, as shown in Table 7 , three factors had merit values lower than the threshold, namely: (1) market competitiveness, (2) marketing attractiveness, and (3) product entry-marketing timing.
These factors represented the most significant contributions for enhancing the success possibility of the machining-center TVcenter-HX development.
D. Comparison Study
Since the FSLM is an extension of the MCDM approach, in order to ascertain the efficiency of this method, a comparison study of the and the MCDM approach was made by the evaluation committee.
When using the MCDM approach for product screening, the ambiguity and multiplicity within factors are ignored. The evaluators were asked to use a scale to score the criteria directly orto use linguistic terms to assess the criteria.
Subsequently, the linguistic terms were translated into a crisp scale for computing the possible-success-rating of the new-product. In the comparison study, we used the "core" member of the fuzzy number to represent a linguistic value in the MCDM approach. For example, the triangular fuzzy number (0.5, 0.65, 0.8) was used to approximate the linguistic variable "Good", therefore the core member 0.65 was adopted to represent the linguistic variable "Good" in the MCDM approach. The contrasting fuzzy numbers for approximating linguistic variables and crisp scales representing linguistic variables are listed in Table 8 .
The results were compared with those derived from the fuzzy logic screening model, listed in Table 9 . As shown in the possible-success-rating scale in Table 9 , the results generated by both approaches seemingly lead to similar conclusions. However, the 21 possible-success rating generated by the FLSM approach is expressed in terms of ranges of value. This rating can provide an overall picture of the relevant possibility and ensure that the decision made in the subsequent selection process is not biased.
Further, it allows the managers a high degree of flexibility in decision-making. In the example in this study, the possible-success rating had a fuzzy value (0.439, 0.666, 0.852). Qualitatively, this suggests that the proposed product is success-high and far from being a failure. However, a crisp rating of 0.666 generated by MCDM approach may imply differently or provide less rich information.
E. Go/No-Go Decision
In the TV case study. the analysis showed that the success possibility of the TVcenter-HX development was high, it had a success rating of 0.439-0.852, far from being a failing product. After a reconfirming discussion, the committee made a recommendation that the TVcenter-HX was a worthy selection for development on the basis of the possible-success-rating of the project. In connection with the weakest factors within the organization, the committee suggested that an action plan be conducted to improve adverse factors and to stimulate the possibility of success for the TVcenter-HX development.
V. CONCLUSIONS AND FUTURE DIRECTIONS
This research has highlighted the importance of product screening in new product development Because of complexity, incomplete information and ambiguity in the screening context, a fuzzy logic screening model which applies linguistic approximation and fuzzy arithmetic has been developed to address new product
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Go/NoGo decisions. The method incorporates the multiplicity in meaning and ambiguity of factor measurement while allowing for the consideration of important interactions among decision levels and criteria. The company and managers involved in the case study illustrated in this study were generally pleased with the approach. This study has provided potential value to practitioners by offering a rational structure for reflecting the imprecise phenomena in many business environments and has taken into account the uncertainty of each factor to assure a relatively realistic and informative evaluation, and to researchers by demonstrating another application of fuzzy logic.
Although the case study has demonstrated the usefulness of the model as an extension to MCDM in new-product screening, it may be very valuable for a company to use both the NewProd insturment [21] and the fuzzy approach, because each uses 
